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H2 benchmark molecule
Heitler-London theory (1927): 
  quantum mechanics and the molecular bond
W. Heitler F. London
Schroedinger equation (1926)
Born-Oppenheimer approximation (1927)
Experiment-calculation D0 comparison
Experiment: J. Liu et al., J. Chem. Phys. 130, 174306 (2009)
Calculation: K. Piszczatowski et al., J. Chem. Theory Comput. 5, 3039 (2009)
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Experiment: 36118.0696(4)
Calculations include uncertainty estimates (also due to excluded terms).
Ab initio theory by  K. Pachucki, J. Komasa, and co-workers:
     K. Piszczatowski et al., JCTC 5, 3039 (2009)
Experiments:
Dissociation energy: D0
 J. Liu et al., JCP 130, 174306 (2009)
Rotational series: v=0,J=0-16
EJS et al. PRL  107, 043005 (2011)
Fundamental vibration: v(0,1)
G. D. Dickenson et al.,  PRL 110, 193601 (2013)
Overtones: v(0,2); v(0,3)
A. Campargue et al.,  PCCP 14, 802 (2012)
C.-F. Cheng et al.,  PRA 85, 024501 (2012)
QED in the H2 ground state
Ab initio calculations
Theory: J. Komasa et al., J. Chem. Theory Comput. 7, 3105 (2011)
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Direct vibrational excitation: 
weak quadrupole
(12,0) band is 6-orders 
weaker than (1,0)
Indirect determination via EF
    Q: J = 0;  O: J = -2;  S: J = 2
Combination differences
Direct excitation weak
Test on high v
v=10
v=12
Direct overtone excitation 
weak
Boltzmann dist. 1% in v=12: 
T ~ 10 700 K
H2S photodissociation to 
generate H2*:
J. Steadman and T. Baer, J. Chem. Phys. 91, 
6113 (1989)
H2* production and detection
H2* production: J. Steadman and T. Baer, J. Chem. Phys. 91, 6113 (1989)
EF level energies: D. Bailly et al., Mol. Phys. 108, (2009)
Experiment
Overview spectra
High-resolution spectra
● Narrowband Pulsed Dye 
Amplifier (PDA) laser source
● Absolute frequency calibration
● PDA dye chirp correction
● 2-photon Doppler-free REMPI
● Sagnac alignment
● Delay H2* production and 
detection pulses
● Delayed ionisation
● ac-Stark extrapolation
EF(5)-X(12) transitions
EF(5)-X(12) transitions
EF(5) combination difference:
S(1) – Q(1): J = 1 → 3 splitting
Agreement: 0.0055 cm-1
X(12) combination difference:
S(1) – Q(3): J = 1 → 3 splitting
Agreement: 0.009 cm-1
EF level energies: D. Bailly et al., Mol. Phys. 108, (2009)
X level energies: J. Komasa et al., J. Chem. Theory Comput. 7, 3105 (2011)
Comparison X level energies
EF level energies: D. Bailly et al., Mol. Phys. 108, (2009)
X level energies: J. Komasa et al., J. Chem. Theory Comput. 7, 3105 (2011)
Using accurate EF level energies, X level energies (Eexp) are derived 
from EF-X transition energies. 
Comparison X level energies
EF level energies: D. Bailly et al., Mol. Phys. 108, (2009)
X level energies: J. Komasa et al., J. Chem. Theory Comput. 7, 3105 (2011)
Constraints on fifth-forces are less tight than lower v levels.
Using accurate EF level energies, X level energies (Eexp) are derived 
from EF-X transition energies. 
Ab initio calculations
Theory: J. Komasa et al., J. Chem. Theory Comput. 7, 3105 (2011)
Conclusions
Accurate level energy determination of X(v=12) levels 
in the H2 electronic ground state
High-precision energies for the X(v=12) levels are more 
accurate than and are in excellent agreement with ab 
initio theory
Prospects:
Measurements on X(v=10-14)
Direct optical excitation X(v=0 → 1); X(v=0 → 3)
Thank you for your attention.

H2* production and detection
H2* production: J. Steadman and T. Baer, J. Chem. Phys. 91, 6113 (1989)
